Background Enterovirus infections are common, although most often subclinical. The present purpose was to assess the impact of breastfeeding and other factors on enterovirus infections in infancy.
Introduction
Enterovirus infections are common in infancy, being usually asymptomatic and self-limiting. 1 They may, however, cause haemorrhagic conjunctivitis, aseptic meningitis, neonatal sepsis-like disease and acute flaccid paralysis. 2 Moreover, even asymptomatic infections may impact on health; enteroviruses have been postulated to trigger or accelerate type 1 diabetes. 3 Breastfeeding may be an important protective factor for a variety of infectious diseases. It has been associated with reduced incidence of overall infections, gastrointestinal or respiratory tract infections in industrialized countries. 4 Increased duration, as well as exclusiveness of breastfeeding, have been associated with greater protective effects. [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] Moreover, the protection provided by breastfeeding on infant mortality to infectious diseases, declined steadily with age during infancy. 18 There is also evidence for protection from clinical infections extending years after termination of breastfeeding. 11, 19 Despite the clinical importance of enterovirus infections, only two studies have examined the effect of breastfeeding on these infections. 20, 21 It remains unclear whether there are dose-response effects of breastfeeding, or whether the protection provided from breastfeeding depends on the age of the infant. In order to address these issues, infant feeding and health outcome data should be collected prospectively at frequent intervals. Breastfeeding is typically assessed as dichotomous (e.g. ever/never), trichotomous (exclusive vs partial vs none) or by duration. Prospective, population-based studies using a longer ordinal scale find significant dose-response effects as to the diagnosis of infections.
5, 16, 17 Moreover, a sensitive and specific method for assessing the infection is a prerequisite for investigating the predictors of infection. The cell culture techniques used for the detection of enteroviruses by most previous epidemiological studies suffer from a substantial bias, as the detection of various types of enteroviruses has varying sensitivities. 22 Finally, observational studies should control for confounding factors and effect modifiers associated with both putative predictors of infections (exposures) and infant infection (outcome). Although the available data on predictors of enterovirus infections are limited, enterovirus prevalence and transmissibility may depend on factors such as age, climate, geographic region, season, crowding, housing conditions, siblings and socioeconomic status. 21, [23] [24] [25] [26] [27] [28] In the present report, the above issues have been taken into consideration. The aim was to carry out an analysis of the independent impact of putative predictors, in particular breastfeeding, on sub-clinical enterovirus infections in the first year of life. In contrast to prior studies, the effect of breastfeeding was assessed prospectively via monthly recordings of a quantitative measure of daily breastfeeding on a continuous scale to assess dose-response relationships, age and long-term effects of breastfeeding. A reverse transcriptase polymerase chain reaction (PCR), targeted into a region well conserved across enteroviruses, was used to increase the sensitivity of detection. Other putative predictors were assessed simultaneously, with a proper adjustment for putative confounders.
Methods
Study design and sample size Data from the present study were derived from the Environmental Triggers of Type 1 Diabetes Study (with the Norwegian acronym MIDIA), a prospective cohort study in Norway described in more detail elsewhere. 1, 29 Briefly, newborns were recruited from the general population at their first visit at public healthcare centres. Genetic testing identified children carrying the type 1 diabetes high-risk genotype
Ã 02 (often referred to as DR4-DQ8/DR3-DQ2) for further follow-up. The high-risk genotype is carried by 2.1% of the Norwegian newborns, with 6% risk of developing type 1 diabetes before the age of 15 years. [30] [31] [32] Beginning at 3 months of age and followed up to 12 months of age, monthly stool samples were taken by the parents, and data on putative predictors of infection were obtained from mailed questionnaires at ages 3, 6, 9 and 12 months. The mothers were requested to keep daily breastfeeding and supplementary feeding records, which could be used to help fill out the questionnaires. In addition, from 2004, children without the high-risk genotype were enrolled to the study and followed in the same manner. The Regional Committee for Medical Research Ethics and the Norwegian Data Inspectorate approved the study, and written informed consents were obtained from the parents.
The analysis reported here focuses on data from 639 children (50.1% males) enrolled during the period from September 2001 to April 2006. The majority [62% (394/639)] of the children did not carry the high-risk genotype, and 470% of the children were residing in the counties of Akershus (southeast Norway) and Hordaland (west coast), two counties separated by 4400 km.
Of the scheduled monthly stool samples, 95% were received. Prior to 2004, 113 children were recruited, and for these children enterovirus was analysed for (see 'Measures' section) in all stool samples. For the children recruited later, 69% of the samples were analysed at random due to reduced analysing capacity. Figure 1 shows the frequency of the number of longitudinal stool samples tested for enterovirus per child. Each child had at least one sample analysed. Fifty percent of children were followed until 58 months of age with corresponding data on enterovirus and questionnaire data, and 30% completed follow-up in the first year of life with 10 or 11 stool samples.
For $5% of the analysed stool samples, there was no corresponding information on breastfeeding (see 'Measures' section) either because the whole questionnaire was missing, or because the mother did not answer the breastfeeding questions. The corresponding stool samples were not included in the present report, leaving a data set of 4279 observational person-months for statistical analysis.
Measures
Main outcome measure Infection with enterovirus was the main outcome for this analysis. Total nucleic acids were purified from stool suspension and enterovirus nucleic acid was detected and quantified using a one-tube real-time reverse transcriptase PCR targeting to highly conserved sequences in the 5 0 untranscribed region of the enterovirus genome designed for detection of all enteroviruses as previously described. 1 The analytical sensitivity and specificity of the assay's primer-probe system has been extensively verified by its authors. 33 An enterovirus infection was defined as the presence of enterovirus RNA in a stool sample above a given detection threshold (equivalent to a virus quantity 50.1 median tissue culture infective dose (TCID50) of a selected strain).
Predictors of infection
The following variables were regarded to be of special interest as putative predictors of infection: infant breastfeeding, number of siblings, had sibling(s) in daycare at age 3 months, daytime company of other children, household water supply and ownership of pets (cat or dog). The following variables were regarded as confounders: human leucocyte antigen (HLA) high-risk for type 1 diabetes, gender, age of child, season and year when stool sample was taken, county of residence and maternal age and education.
Demographic variables (sex, maternal age and education), data on siblings and siblings attending daycare, household water supply and pets were assessed from the parental questionnaires submitted at study entry, and treated as constant variables. Information on county of residence, breastfeeding, supplementary feeding (breast milk substitution, other non-human milk products, solid foods) and the daytime company of other children, was collected regularly (every or every third month). These were treated as time-dependent variables. The family's drinking-water source was categorized into public and private waterworks, or as other sources. Missing values in continuous predictors were imputed (Supplementary data available at IJE online). Categorical predictors with missing observations were extended by one extra category indicating missing.
Our main measure of breastfeeding was continuous or the average number of breastfeeds per day. Since this covariate was found to be inversely correlated to the frequency of supplementary feeding at all ages (Supplementary Table 1 available at IJE online), supplementary feeding was not included as a predictor in our model of infections. Other alternative models of breastfeeding were breastfeeding or predominantly breastfeeding as dichotomous variables. Categorization of breastfeeding into predominant breastfeeding was in accordance with the WHO classification system, 34 which defines predominant breastfeeding as when the infant's predominant source of nutrition is mother's milk. We also sought to investigate whether previous breastfeeding may protect against infection, when breastfeeding the same month was already accounted for. Thus, the predictor 'number of breastfeeds per day the previous month' was added to the first model. In another model, the accumulated value of the average number of breastfeeds per day from birth until the previous month was added. In this model, we assumed that the number of daily breastfeeds for the first 2 months in life was equal to the average number at age 3 months.
Statistical analysis
Univariable analysis was conducted to examine the association between enterovirus prevalence and the predictors defined previously. Multivariable logistic regression analyses were computed using a full model with all the covariates (predictors and confounders). All these covariates were kept in the main model, including those covariates not associated with infection. Further, as the effect of several covariates was expected to change as the child became older, the No. of stool samples tested per child Frequency (%) Figure 1 Frequency (%) of the number of longitudinal monthly stool samples tested per child among the 639 children in the study (n ¼ 4270). Total 10 children had two samples tested instead of one, for one of the samplemonths. One sample tested for a child, correspond to one month of follow-up; two samples correspond to 2 months of follow-up, and so on model was extended by interaction terms (cross products) involving the children's age. Only the interaction terms associated with infection (P < 0.05) were retained in the final model as assessed by the likelihood ratio test.
To be more specific, let y ia be the measurement of enterovirus infection at age-month a for child i, taking the values 1 (infection) or 0 (no infection). Furthermore, let p ia be the probability of child i having an enterovirus infection at age a (i.e. y ia ¼ 1), conditioned on P corresponding covariates x aij , j ¼ 1, . . ., p. To model the dependence among the repeated measurements of infection given the covariates, a subject-specific random intercept, b 0i , was included giving the model logit (
where 0i is normal distributed with mean 0 and variance 2 , and the other s are (fixed) regression coefficients. The inclusion of b 0i allows the probability of infection to vary between children, even after controlling for the covariates. Generalized Linear Latent and Mixed Models (GLLAMMs) were used to perform the analysis using Stata 9.2. 46 The covariates were entered simultaneously in the model. The correlation matrix of all the multivariable parameter estimates was assessed (by the 'correlate, _coef' postestimation command in Stata 9.2) to determine if there were any problems with multicollinearity of the independent variables in the model.
Results
The overall prevalence of enterovirus infection in stools was 11.1% (475/4279). Most children (54%) had at least one infection by the age of 12 months. The unadjusted prevalence of infection was lower in stool samples from breastfed infants compared with stool samples from non-breastfed infants, particularly before the age of 6 months ( Figure 2 ). Of the mothers completing the questionnaires on breastfeeding, 3% (19/609) did not breastfeed at all, whereas 54% were still breastfeeding at 12 months postpartum. The frequency of predominant breastfeeding could be assessed at 3, 6, 9 and 12 months in 588 of the infants: 54% were predominantly breastfed for 53 months and 11% were predominantly breastfed for 56 months. The number of breastfeeds per day among breastfeeding infants ranged from 1 to 16 (mean ¼ 5.5). The frequency of breastfeeding was lower in older infants ( Table 1) .
The frequency of daily breastfeeding was associated with the frequency of enterovirus infection, e.g. in stools from infants breastfed six or less times, the unadjusted prevalence of infection was 11.0%, compared with 8.5% in stools from those breastfed more than six times per day independent of age ( Table 1 ). In stools from infants having one or more sibling(s) the prevalence of infection was 14.0%, compared with 5.8% for those not having any sibling(s) ( Table 1) .
Modelling the number of breastfeeds per day as a continuous variable in the multivariate logistic regression analysis showed a similar relation: at the age of 3 months the odds ratio (OR) per additional breastfeed was 0.85; 95% confidence interval (CI) 0.8-0.9, P < 0.001 ( Table 2 ). The OR of having an infection decreased to 0.38 (0.85 6 ) if the number of breastfeeds per day at age 3 months was six, i.e. the risk was 2.6 times as high for an infant not breastfed compared with an infant breastfed six times per day. The protective effect of breastfeeding declined with age, being most pronounced at the age of 3 months and then gradually fading until about 11 months. Previous breastfeeding was not associated with protection from current enterovirus infection when current breastfeeding was accounted for (alternative models, not shown in Table 2 ). This was observable in two different models: one included the number of breastfeeds per day in the preceding month (P ¼ 0.44); the other included the sum of daily breastfeeding from birth until the previous month (P ¼ 0.13).
Other predictors of enterovirus infection included having at least one sibling (OR 1.89; 95% CI 1.2-3.0 compared with having no sibling), and in particular, if sibling(s) were attending daycare reported when the child was 3 months old. The effect of the latter covarieate decreased by increasing age of the infant. At the age of 3 months the OR was 2.46 (95% CI 1.4-4.2), and then the OR dropped to 1.74 at the age of 12 months. There was a tendency towards increased prevalence of infection with increasing daytime company of other children (P ¼ 0.053) ( Table 2 ). This effect became significant if the two related variables were deleted from the model, number of siblings and had sibling(s) attending daycare at age 3 months, although the OR was almost unchanged (P ¼ 0.009). There were not any problems with multicollinearity of the independent variables in the model we applied. The highest (in absolute value) correlation among all pairs of coefficients was -0.79 between the regression coefficients for stool sampling in year 2003 and the interaction term stool sampling in year 2003 with age. Also, changing the detection threshold for enterovirus positivity (to e.g. 10 and not 0.1) did not change the estimate of this predictor, e.g. towards a stronger effect (data not shown). In general, the results of the statistical analysis were insensitive to the exact choice of this threshold value. Furthermore, there was a tendency towards a higher risk of infection for children whose household drinking-water source came from a private well or borehole compared with those whose source was public waterworks (overall P ¼ 0.16). For children having a cat or a dog in the household compared with those not having these pets there was a tendency towards a lower risk of infection (P ¼ 0.07) ( Table 2) .
There were some additional covariates, regarded as confounders, among them season and year of sampling, as shown in a complete table of all covariates included in the regression model (Supplementary  Table 2 available at IJE online). Indeed, the prevalence of enterovirus in the population varied among calendar years, and risk of infection also varied by season October was the month with the highest risk (OR 5.63; 95% CI 2.9-11.1). HLA-conferred susceptibility for type 1 diabetes, gender, socio-economic status and county of residence were not significantly associated with risk, although carrying the HLA highrisk genotype might warrant consideration in further studies (OR 0.67; 95% CI 0.5-1.0; P ¼ 0.050).
There was a substantial heterogeneity of infection between children, visible also after adjusting for inequalities in covariates. The estimate of the mean b 0 of the subject-specific intercepts was -3.53 (P < 0.0001; 95% CI -4.8 to -2.2) and its corresponding standard deviation d was 0.90, with standard error 0.19.
Discussion
The present data suggest that breastfeeding has a strong protective effect on enterovirus infection, especially during early infancy. In children aged 3 months the risk decreased by 15% with each breastfeeding per day. The results support the protective effect of breastfeeding found in previous studies. 20, 21 A study on neonatal (<1 months of age) enterovirus infections found that breastfeeding was associated with protection, 21 and a more recent study found that infants exclusively breastfed for 42 weeks had fewer enterovirus infections by the age of 1 year compared with those breastfed less. 20 An advantage of the present study compared with previous publications is the detection of virus directly from stool samples. This eliminates the bias of serological surveys in which maternal antibodies can disturb the measurement of enterovirus specific immunoglobulin (Ig) G in young children.
With a substantially larger number of subjects and samples than in previous studies 20, 21 we were able to demonstrate that the protective effect of breastfeeding lasted until $11 months of age, being most pronounced at 3 months and gradually vanishing thereafter. In this regard, it is interesting to note that in less developed countries, the protection provided by breastfeeding on infant mortality due to infectious disease decline steadily with age. 18 The weakening protection over age can be explained by a decline in the concentration of immune components in human milk, 35 or by the immaturity of the infant's own immune system at an early age.
A mechanism for the observed dose-dependent protective effect of breastfeeding is unknown, but some data indicate that the replication of the prototype enterovirus, poliovirus, in the intestine depends on the level of pre-existing secretory IgA antibodies from breast milk. 36 Dose-response effects have previously been reported for other infections, 4, 5, 14, 16, 17 but not for enterovirus. However, a recent study could not find any associations between breastfeeding intensity and infant visits for otitis media, respiratory and gastrointestinal illness or total illness visits, in a low-income, multi-ethnic population. 8 Low exclusive breastfeeding rates might be a reason for this finding.
The benefits of exclusive breastfeeding for health in infants have been widely described 4, 6 and, moreover, the optimal duration of exclusive breastfeeding have been continuously debated. 5, 10, 12, 13 The data presented here suggest that even a single dose of breastmilk per day, and continued breastfeeding past the recommended 6 months reduce enterovirus infections in infants. Long-term effects of breastfeeding could not be observed in the present study, indicating that the most important benefit of breastfeeding is the infant's immediate protection.
Having at least one sibling, especially one that attends daycare, was an important risk factor for enterovirus infection (Table 2) . These findings are, in general, in accordance with previous reports. 21, 23, 24, 28, 37 The risk associated with having siblings in daycare decreased slightly with age, in line with the protective effect of breastfeeding decreasing over age. This may indicate a common explanation such as the immaturity of the child's immune system leading to increased susceptibility in early age; or it might be an artefact, because this predictor was reported at 3 months of age, and therefore may have changed when the infant became older.
Interestingly, infants whose drinking-water supply were private boreholes or wells had an increased frequency of enterovirus infections compared with those using public waterworks (P40.05). This finding is supported by other studies which have detected enterovirus contamination in drinking water wells around the world. [40] [41] [42] [43] [44] [45] Enteroviruses have been found in surface and ground water throughout the world 26, 27, [30] [31] [32] , even after chlorination and in the absence of fecal coliforms. However, little is known as to whether sources of drinking-water really constitute a common route of infections in the developed world.
When we excluded the covariates not related to infection in the multivariable analysis, except for HLA genetic risk group and 'the daytime company of other children' (had borderline significant P values) (Supplementary Table 2 available at IJE online), we confirmed that the results was approximately the same as the full model retaining all the predefined covariates.
Not all stools were analysed for enterovirus in children recruited to the study after 2004 due to reduced analysing capacity. Moreover, the proportion of unanalyzed samples is higher for the older children than for the younger ones, because children recruited late did not reach the age of 12 months by the end of the study period. Therefore, since breastfeeding decreases systematically with increasing age it is important to correct for age and sampling year in addition to other predictors of enterovirus infection, as we did in the statistical analysis, to generate unbiased results.
There were missing data for the number of siblings (14%) and pet ownership (21%) ( Table 1) . Simply deleting these observations could have introduced bias, if the (unknown) proportions of having siblings or having pets in the 'missing data' categories differ from the rest of the samples (Supplementary Table 2 available at IJE online). These observations were retained in the multivariable analysis with an extra 'missing data' category for each of the two variables. Using this strategy, no observations are lost and bias introduced by deleting data is avoided.
Additionally, substantial heterogeneity among children in the study was observed, which we controlled for when including a random intercept in our model. The inherent heterogeneity of the population may reflect yet undisclosed host genetic factors determining and modifying the susceptibility for infection.
This study has some limitations: the quantities of enterovirus in the stool samples varied over more than five orders of magnitude, whereas the outcome was dichotomized. Indeed, different quantities of enterovirus may elicit different levels of response at the immunological and clinical level. We also did not assess if exposures were related to duration of an infection, only the frequency of positive stool samples, since we did not differentiate between new vs continuing infections. It is conceivable that the predictors may differ in their ability to start or maintain an enterovirus infection in an infant. In fact, breastfeeding may lower the duration of respiratory infection and diarrhoea. 6, 13 Monthly testing for enterovirus using nucleic acid extracted from stool is a valid strategy towards increasing sensitivity, as the gastrointestinal tract is the primary site of enterovirus replication. Monthly intervals are a compromise between sensitivity and the compliance of the parents. Only infection episodes with a very low viral load or short duration would escape the present detection scheme.
In conclusion, we have confirmed the previously observed protective effect of breastfeeding against sub-clinical enterovirus infection in otherwise normal infants during the first year of life. In addition, we observed a reduced protective effect in older children and the presence of a dose-response relationship, such as the higher the proportion of an infant's feeding that comes from human milk, the lower the prevalence of enterovirus infection. Long-term effects of breastfeeding could not be observed. A higher prevalence of infection was positively associated with having sibling(s), in particular if they attended daycare, and with the exposure to an increasing number of other children.
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